Physical effort stimulates an increase in oxygen consumption in tissues, generating toxic chemical species derived from oxygen (ROS), which are considered the initiators of the lipid peroxidation process (LPO), the major mechanism of cellular injury. As the essential mechanism for maintaining the electrolyte balance depends on an effective kidney function, oxidative stress in this organ can be a key factor in the development and persistence of hypertension. This study aimed to determine the kidney changes induced by a combination of fluid restriction and exercise in rats. The study consisted of 24 male Wistar rats of 90 days of age, divided into four groups, two of which were submitted to water restriction and exercise on a treadmill. Twenty-four hours after the last training session, the animals were euthanized and the left kidney was removed. The upper part of the kidney was used for the histological procedures and the lower part for the quantification of membrane lipoperoxides. Analysis of variance was applied after testing the normality of data, and the comparison between groups was performed using the Bonferroni test, adopting a significance of p<0.05. The restriction had an influence on body weight; kidney weight; proximal tubule maximum diameter; and area, perimeter and diameter of glomeruli, whereas the exercise affected the weight and the minimum diameter of the proximal tubule. According to the TBARS (thiobarbituric acid reactive substances) method, there was a difference between the G1 (control) and G3 (sedentary with water restriction) and between the G2 (exercised with water) and G4 (exercised with water restriction) compared to G1. The treadmill exercise combined with the water restriction promoted structural changes in the glomeruli and promoted oxidative stress, although neither variable corroborated for the potentiating of lipid peroxidation.
INTRODUCTION
Physical exercise induces increased energy demands from tissues and organs in the body which stimulates them to increase their oxygen consumption and thus the formation of toxic chemical species derived from oxygen (ROS) (Deminice et al., 2009; Packer et al., 2008) . These toxic chemical species, by reacting with polyunsaturated fatty acids are considered to be the initiators of the process of the lipid peroxidation (LPO) mechanism which changes the permeability of membranes, inducing the formation of hydrophilic pores, one of the major mechanisms of cell damage (Tucci Junior et al., 2008) .
During exercise, as well as in situations involving increased cellular metabolism, there is a tendency to increased production of ROS (Packer et al.) , which when excessive configures the oxidative stress (Wilcox & Gutterman, 2005) . It is known that water makes up about 60% of the human body and comes from both exogenous (food and fluid intake) and endogenous (oxidation of macronutrients) sources, offering an amount of water corresponding to the daily losses so that the homeostasis of the organism is maintained (Carvalho & Mara, 2010; Jéquier & Constant, 2010) .
The loss of water (kidney, skin, respiratory tract and digestive system) is directly dependent on the ambient temperature and the intensity of physical activity. When compensated for with water intake, there is the benefit of thermoregulation, facilitating the transfer of heat. If not, there is depletion of water, electrolytes and glycogen, thereby generating dehydration (Carvalho & Mara; Jéquier & Constant) . However, the essential mechanism for the maintenance of fluid and electrolyte balance depends on proper functioning kidneys (Carvalho & Mara) .
Mild dehydration of 1-2% loss of body weight can lead to loss of cognitive and physical function (Carvalho & Mara; Jéquier & Constant; Murray, 2007) . From this point on, there is an increase of 0.4 °C in body temperature with every subsequent hydration percentage. With a 3% loss there is a significant drop in performance, between 4 and 6% there may be thermal fatigue and above 6% a risk of thermal shock, coma and even death (Carvalho & Mara) .
Oxidative stress in the kidney may be a key factor in the development and persistence of hypertension. This is of increasing importance, as all cardiovascular risk factors, in clinical studies and experiments, have been associated with evidence of increased ROS, which may be linked not only to vasoconstriction, salt retention and hypertension, but also to activation of inflammatory mediators such as nuclear factor-B, which is connected to causing cellular inflammation and cytokine production accession, considered key points in the pathophysiology of chronic cardiovascular and kidney diseases (Wilcox & Gutterman) .
Considering the above, the present study aimed to evaluate the effect of fluid restriction on the kidney tissue of rats subjected to physical exercise on a treadmill, taking into consideration oxidative stress, morphological and morphometric changes of glomeruli, proximal convoluted tubule and distal convoluted tubule.
MATERIAL AND METHOD
The study consisted of 24 male Wistar rats of 90 days of age from the Central Animal Facility of UNESP -Botucatu which were housed in the vivarium of the FCT/UNESPFaculty of Science and Technology -President Prudente Campus, where they remained throughout the experiment. The animals were randomized into four groups (Table I ). The groups with water restriction were housed in individual cages, while the other animals were kept in collective plastic cages each containing six animals. Room temperature was maintained at 22+3 °C with 12-h cycles of light. Fluid intake was recalculated weekly and restricted to 30% of the total water usually ingested in 24 h (McArdle et al., 2008) . Table I . Division of animals into groups.
Groups
The animals in the trained groups (G2 and G4) underwent exercises on a treadmill, including one week of adaptation (sessions with progressive duration) and training sessions (60 min), where the animals walked at 9.75 m per minute for five weeks, considered as moderate exercise intensity.
After twenty-four hours of the last training session, the animals were euthanized by decapitation using a guillotine; the left kidney was removed, weighed and sectioned transversely through its long axis, near the renal hilum. The upper part was used for histological procedures, cuts of six µm were obtained, stained with Hematoxolinaeosin (HE) and then subjected to analysis using optical microscopy, which enabled the assessment of the renal architecture (glomerulus, proximal convoluted tubule and distal convoluted tubule ). From each animal, 20 samples of each structure were studied, totaling 120 structures per group, using Image Pro-Plus software, to measure area, perimeter and diameter (maximum, medium and minimum).
The lower portion of the kidney was immersed in liquid nitrogen for freezing and used for the quantification of membrane lipoperoxides. To this end, the kidney homogenate and supernatant were obtained using the thiobarbituric acid (TBARS) (Cechini et al., 1990) method.
The data obtained by histomorphometry were analyzed using descriptive statistics. According to the nature of the variables, analysis of variance was applied to the schema of two factors in a complete randomized design. As for the TBARS method the Kolmogorov-Smirnov test was performed to verify the Gaussian distribution and applied analysis of variance for the two-factor scheme. The comparison between groups was performed using the Bonferroni test. For all tests the significance level was set at p<0.05.
RESULTS
The results obtained in this study were analyzed regarding the generalities observed during the experiments, the animals' body weight, kidney weight, organelles and analysis of quantification lipoperoxides in these organs.
Body Weight: There was a significant difference for the variable water restriction between the exercised groups (G2 and G4) at two different moments: week 1 and at sacrifice. As for the exercise variable a difference was observed in the body weight of the groups with fluid restriction (G3 and G4) at week 1 (Table II) .
Kidney Weight: Table III presents the mean and standard deviation of the kidney weights of each group obtained immediately after euthanasia. It appears that only the variable water restriction showed a significant interaction between the groups and the control.
Organelles: It was observed that the exercise variable showed no significant effect on the area and the perimeter of the organelles studied. However, fluid restriction showed a significant difference in the area of glomeruli between the sedentary groups (G1 and G3) and the exercise groups (G2 and G4). Regarding the perimeter, a difference was noted in the glomeruli of the sedentary groups (G1 and G2) ( Table IV) .
As regards the maximum, minimum and average diameters of organelles, a significant difference was noted in the maximum diameter of the proximal tubule between the G2 and G4 and the glomeruli between the G1 and G3, and the minimum diameter of the glomeruli G2 and G4; and the average diameter of glomeruli between the sedentary (G1 and G3) and exercised (G2 and G4) groups due to fluid restriction. However, there was a significant difference in the minimum diameter of the proximal tubule in the exercised group between the groups with restricted fluid intake (G3 and G4) ( Table V) (Fig. 1 ).
Analysis and quantification of lipoperoxides (TBARS): According to the TBARS method, we observed significant differences in the comparison between the sedentary groups (G1 and G3, t= 3.06 and p<0.001) and between the exercise groups and G1 (Table VI) . 
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DISCUSSION
It is known that physical exercise alters the homeostatic mechanisms due to increased metabolic activity, unleashing an energy demand, which consequently produces changes from hormonal secretions to body development (Packer et al.) . The relationship between exercise and gain and loss of body weight is directly related to nutrition and intensity of effort.
Malnutrition, as well as water or food restriction causes reduction in weight of the animal exercised, with a tendency for a gradual and progressive decrease (Prazeres et al., 2004; Tomanari et al., 2003) .
In the present study, all animals showed an increase in body weight over time, demonstrating that fluid restriction did not affect growth. However, it was observed that despite the lack of statistical significance, the groups submitted to water restriction (G3 and G4) had significantly lower body weight compared to the groups with water ad libitum (G1 and G2).
Studies on the influence of exercise on the human body (Almeida, 2007; Lizardo et al., 2007) , and also in animals (Camargo Filho et al., 2005; Araújo et al., 2009; Masi & Silva, 2009 ) are diverse and well disseminated, but regarding experiments on fluid restriction, reports are scarce, specifically in relation to animal experiments (Prazeres et al.; Tomanari et al., 2003 Tomanari et al., , 2007 .
The difficulties encountered in the study concerning the exercise associated with fluid restriction, reiterate the importance of research involving renal tissue, since this is one of the first organs to be influenced by electrolyte changes. In this sense, the present study sought to determine possible changes induced by the combination of exercise and fluid restriction. Table V . Diameters according to fluid restriction and exercise.
a,b= Equal letters show statistically significant differences in fluid restriction (Analysis of Variance for the schema of two factors in a randomized scheme, p>0.05) A= Equal letters demonstrate statistically significant differences in exercise (Analysis of Variance for the schema of two factors in a randomized scheme, p>0.05). In one study, to verify changes in kidneys of fetuses following administration of diluted aspartame in pregnant rats, a significant increase in glomerular volume and the nuclear size of cells in the distal and proximal convoluted tubules and the collecting duct (Martins & Azoubel, 2006) . However, in the present study significant changes were not observed in the structures analyzed, which could be due to the short time of exposure to water restriction, with an adaptation of the animal's body to the condition.
As oxidative phosphorylation increases in response to exercise, the formation of ROS is incremented. In studying the effects of oxidative stress caused by exercise, it was noted that there was an increase in acute exercise on levels of malondialdehyde (MDA) (Arslan et al., 2005) . In contrast, the restriction of water intake is also capable of producing oxidative stress in the body.
It was expected that the combination of the two factors would reflect in higher levels of circulating ROS when compared to the factors in isolation, which did not occur. Fluid restriction, both isolated and associated with exercise was able to generate oxidative stress, but the isolated water restriction was more effective in this regard.
The exercise performed on a treadmill associated with fluid restriction promoted structural changes in the glomeruli and promoted oxidative stress, but the association of the variables did not substantiate the enhancement of lipid peroxidation. RESUMEN: El esfuerzo físico estimula un aumento en el consumo de oxígeno en los tejidos, generando variedades químicas tóxicas derivadas de oxígeno (ROS), que son considerados iniciadores del proceso de peroxidación lipídica (LPO), principal mecanismo de lesión celular. Como el mecanismo esencial para mantener el equilibrio de los electrolitos depende de una función renal eficaz, el estrés oxidativo en este órgano puede ser un factor clave en el desarrollo y persistencia de la hipertensión. Este estudio tuvo como objetivo determinar los cambios renales en ratas, inducidos por una combinación de restricción de líquidos y ejercicio. Esta investigación se realizó en 24 ratas Wistar machos de 90 días de edad, divididos en cuatro grupos, dos de los cuales fueron sometidos a restricción de agua, mientras que los dos grupos restantes fueron ejercitados en una caminadora. Veinticuatro horas después de la última sesión de entrenamiento, los animales fueron sacrificados y se realizó la extracción del riñón izquierdo. La parte superior del riñón se usó para los procedimientos histológicos y la parte inferior para la cuantificación de peróxidos lipídicos en la membrana. El análisis de varianza se aplicó después de probar la normalidad de los datos, y la comparación entre grupos se realizó mediante la prueba de Bonferroni, adoptando una significación de p<0,05. La restricción hídrica tuvo influencia sobre: el peso corporal, peso de los riñones, diámetro máximo del túbulo proximal, y área, perímetro y diámetro de los glomérulos. Mientras que el ejercicio afectó el peso y el diámetro mínimo del túbulo proximal de las ratas. Según el método SRAT (sustancias reactivas al ácido tiobarbitúrico), existió una diferencia entre el G1 (control) y G3 (sedentarismo con restricción de agua) y entre el G2 (ejercicio con agua) y G4 (ejercicio con restricción de agua) en comparación con G1. El ejercicio rodante combinado con la restricción de agua promovió cambios estructurales en los glomérulos y estimuló el desarrollo de estrés oxidativo, aunque ninguna variable fue corroborada para establecer la potenciación de la peroxidación lipídica.
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